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1. IKTI’Crt'CTICIi 

Th« us* of cuclsar povsr is of considsrable interast to thosa 
ecncarnad vlth aircraft davalopa^.t bacauaa It could provlda a Baacs of 
giving aircraft graatly extended ranga. To ba abla to basa military 
aircraft in tha I'nited States and still hava a striking force anyidtora 
in the world would ba of tracicndcuts strategic Importance. Its 
application to long ranga anti«>c'abaarina end early vwrniQg operations is 
evident. Tha ellnlnstion of foreign bases aloco would r*avl.t in large 
aavlngs to tha taxpayer. Comarclal aircraft applications aeea rathar 
rcQota at this tine but should cot be discounted. 

The problaES associated with nuclear power for aircraft ara 
extessive; ^oed ara minor in r^itura, ctherm appear almost insumountable. 
In tha latter eategorj<^ is the ahielding of personnel and equipcient from 
tha radiation associated with nuclear fission. Tha nuclear reactor end 
Its surrounding shield give rise to elnost evtcy known type of nuclear 
radiation. The ge*Bra radiation, in particular, is diffievdt to absorb 
or attenuate. Tha usual spproach to tha prcblar ia to use a laaterlel 
eompoaad of heavy elements which sbsorb or attenuate the gccuza-raya. 

Lead, steel, and ccncrata sra coxatcnly used for this ptirposs, but their 
comparstivaly low strength to weight ratio make th«a undesiz-abla as 
structural mstarials in aircraft. Steel may ba used in some applicationa. 
Tha shielding necessary results in a mass which not only contrit^itcs 
little to the aircraft structure but also results in concentrated atresaes 
in the structure Itself. 

In SOBS applications a high degree of gej-a-ray absorption itsy not 
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be cocessery. It mj be cca(.l6bol7 setlcfectory to eccopt ebeorptlon to 
• lesser decree and ee«lc ec«e sethcd of deflection or reflection of the 
radiation to protect certain ar«cs such as crcv ccnpartRenta or ooKionente 
which May be auseeptlble to radiation dasage* An effective aeane of doing 
thie could logioally result In an overall saving in the tr<ass of shielding 
Bsterial required. 

Ixcept for the eoergice usually involved, the reflection of geisEa- 
rays nay ba considered eiailer to reflection of x-rayc which hes been 
used in coeoercial and ecientific eppliostlcna for racy years. The 
phencBeiK>n is not ds(:erdent on surfeoo chsreoteristics as in ths case of 
light rays but rather depends on the lattice strucUxre of the reflecting 
jESteriel. The cptlsuts condition ia one where the nost densely packed 
atonic places of a single crystal ere aligned at the critical angle 
corresponding to the radiation energy. 

It is the purpose of this investigation to deteratine sttenustlon 
effects essociated with reflection of gsaure-rays by a single setallie 
crystal. If the results are significant, development in the technology for 
construction of x'e fleet! v« type gasata-radiaticn ahielda auay be Indies ted. 
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II. MVIEW OF LITB.PATUIE 



A large volucie of literature is available on the subject of the 
interaction of gaasna-rays vith matter. Of the Mterlal available , the 
presentation by Goldstein (5) appears to be as complete as any. His 
work includes effects of higher order as veil as the primary contributions 
of photoelectric effect, pair production, and Compton effect. Davisson 
and Evans (3) have presented data to predict the characteristics of photons 
of various energies v^en scattered by many of the common natorlals. 

There is also a wealth of information on the reflection and 
diffraction of x-rays, a small portion of vfeich is directly applicable. 

In 1914, Eragg and Eragg (l) saw, in previous work on x-ray diffraction, 
the implication that an x-ray beam could be reflected from the cleavage 
plane of a crystal and developed the eq^iatlonj 

n X « 2d sin 6 

;diere n is an Integer, the order of the reflection; X is the wave- 
length of the Incident x-ray; d is the distance between the crystalline 
planes; and 6 is the critical angle. The accurate measurement of 
lattice spaclngs in crystals followed since it was possible to determine 
the Trfavelengths of x-rays by the use of ruled gratings. The principles 
developed by Bragg and Eragg are interwoven in modem theories of solids 
and crystallography. 

The applicability of x-ray data to gamra-ray reflection study 
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•ppeari to raquir* no apaclal cons id • rat ion Although they differ in 
origin, x-rays and gaasaa-rays have no other properties that are 
different* respite the close correlation, little inforaation is available 
on the reflection of gama-rays. Of course, the extrenely siaall angles 
involved in the l-ragg equation for the usual range of gaima-ray energies 
Rakes the use of gsrssa radiation Inferior to x-rays in isany applications* 

In 1956 Crocker (2) conducted a study of gaissja-ray reflection by 
nail curved banka of IsRinated aluxinur. foil. Although the distances 
betvoen the alUBinun layers vere large coxpared to the distances between 
crystal planes, he observed reflection tendencies* This nethod of 
approach was pursued in 1957 by Kergl (7)* Ke used single crystals of 
sine which had been bent in an are* Although the cryatsls were atressed 
and tha cryatallina placaa distortad by bending, hia experivontal data 
indicated that thcra ^W8 a Reaaurable aracunt of gcuosa radiation 
daflected by tha aingla crystal* In 1958 Wilson (9) c(»>parad the 
effectiveness of single crystals of zinc ss a function of thickness and 
surfaces* His results again shoved szall ainounts of reflection. He 
concluded that thare was so measurable surface effect and tha effactiveneaa 
of aeveral crystals vaa assentielly tha same as that of ona large 
crystal of the aace siza* Sasacer (8) continued the investigation In 
1959 when he sought to present his results in the fom of a plot 
of the Klein-Kishina cross section as a function of scattering angle 
for aingla crystal and polycrystallina zinc* He reasoned that any 
effects of reflection should appear as a variation in tha Klaln- 
Hishlna cross section for the single crystal* Unfortunataly, difficultias 
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with th« cotmtlng •qulfscnt ccd « subsequent ohsnge In scslers resulted 
In poor corrclstion of the dsts before end sfter the chsr.ge. Sssscor 
experienced difficulty in eexpsring the results ebtsined frex the 
polycryetulline scsterisl vdth the thecreticsl curvo. It spposrs thst 
these difficulties were largely due to geexetry factors assooisted with 
the source, target, and radiation xessuring equipnent* 

On the tesis of the results reviewed in the literature, the 
refleoticn of gaarcorays in aeasurable s&ounts by single crystals of 
metal appesars feasible. Idiile the measurerrient of the reflected radiation 
directly would be difficult, an indication of ths effectivensas of a 
aingle crystal as a shielding material could be obtained by a conpariaon 
of ita attenuation or acattering characteristics with those of the same 
material in tbs polycrystelline form. 
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III. AfJALySiS 



Th« prlsaxy procaasea In tha interaction of ganra-rayo with mabtar 
ara (a) photoelectric effect, (b) pair production, and (c) Cosipton 
affect. In tha photoelectric effect, oil of tha energy of tha incident pho- 
ton la tranafarred to a bound electron vMch is ejected fros the atOK. 

In pair production, all of the energy of the incident photon ia 
trensforaod into creating an electron-positron pair, Coapton affect 
involvea acattering of photons by free electrona. After etrlking an 
electron, the ph>oton nevea off at an angla with its original dlraction 
and with lass energy than it had initially. The relative aagnitudea of 
tha three proceaaea depend on the energy of the Incident gainaa-radiatlon 
aa vail as the nature of the absorbing vaterial. 

Tha aourca of gacsa-radlation available for the atudy of single 
crystal characteristics vaa Cobalt-60 which etedts primary gs 2 :!S 8 -rsys of 
1,3316 and 1,1715 Xav, For a ccxparleon of the magnitude of the three 
isaterlal interaction effects, this nay be considered aa a monoen ergs tic source 
of 1.252 Kev without appreciable error. 

The selection of a target caterlal vaa not limited aa many Ketsla nay 
be grown as single crystala. I^oa practical considerations, however, the 
Ksterlal shoxdd bo available in a single crystal and in the usual 
polycryatalllne fona for conparlsoc. If Eragg reflection occurs, than 
OBsll intercryatalline plana separation would be desirable to obtain at 
large a critical angle as poseible. The axiatencs of closely padeed 
planes within tha crystal ahoiild be an aid in producing reflection. 

In oonsideration of the above requiresBente copper was selected as the 
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tar£9t sat trial to ba used. 

Vlth CobelV-60 as tbo gasaa-ray source end copper as tha targat 
aatarial, tha absorption coafficiants are approxiisetely as foUovs 
(3» p. photoelectric effact, C.0A22 x 10*24 oR^/atcwj pair pro- 

duction, 0,0079 X 10*24 oo2/atoaj and Coapton affact, 5.503 x 10”^ 
oaV*boB. Thus, it say be seen that tha Cospton effect accounts for about 
ninaty-nlca percent of tha interaction. In viav of this, any variation in 
tha Coapton acattarlnf asdiibitad Isy the singla crystal say ba ecnsldarad at 
a sicnificant charsctaristie. 

rarisson and Ivans (3) hava presented an extensiva review of tha 
theoretical calculation of tha Elein-Slshina cross aaeticn. Tha fraction of 
gasxa-ray ecersy scattered in a given direction Ksy be obtained by a 
quantuB sechanical treatnent of tha Clrae aquation for tha electron. 



I s X 1 cca2 0 X 1 + - cos 0)^ 

^ - cos (1 + oos^ ^ji jl + ^(i - cos JZf)j 

* Intensity of the incident bass of gaicra-rays, 

1 s intensity of the scattered boas at the angle 0 and distanca r 
fros the ecatterlng electron of charge e and saes a. 
o< s hV^ac^, 

Tha aquation nay also be written, 



where h 'i/ is the energy of tha Incident phctcn, hi/' is tha energy of the 
scattered photon, and k{f!) ia the cross section for the number of 
photons scattarsd per electron per unit solid angle in the direction ^ 
and is known as the hlaln-Kishlna cross section. Frca the foregoing, tha 
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quantity k(5^) la a««n to b« kiSS) » I h/r^/I^ 

If I la aqual to 8 ht , k(0) raducao to k(J^) » (D/Bp)r^j whara E© 
la the Incident flux» end B la the scattered flux s distance r frao the 
acattarlne alaotron. 

Exparleantsllyf s calculation of th# incident flux frost the source 
strength and geoiratry factors Involved plus r.aaaurenent of the diatance 
r arx3 the aoattorad flinc voxild yield a datozralnotlon of k(0)» There 
are, however, itany difficulties involvt'd in the ireasuraiaent and 
calculation of the above quantities. The exact aieaauracRent of distances 
and colllcator openings is questionable except In the Eore precise 
experlBental equlpeent. Although the source cay be considered 
sBonoenergetic and of known strength, the accoepanying “trash” or low 
energy radiation of x-rsya, Compton gacra-rays, end brecatrolilung front 
the colllisator and the source container ray coepriae s alscabls fraction 
of the total radiation. Ths self-absorption of the target which accounts 
for those photons initially scattered in the direction of the detector and 
reabsorbed or reacattsred by the target caterlal out of the solid angle 
subtended by the detector cay be aubatantlal in a thick target. 

Similarly, an accoia^sting for buildup or the scattering into the detector 
of these photons that were initially scattered would have to be cade. 

A slcpler method of coeparing the scattering characteristics of a sirgla 
crystal with those of the sase raterlol in its polycrystalline fens was 
Indicated. This could be done by selecting txio targets of the sario 
dinansions. Ko particular difficulty vaa envisioned in selecting the 
single crystal and naohinlng the other target to its exact sped float Iona. 
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Ocosctry factors coiild ba eliminated In the comparlscn if the e;oMcetr/ 
were kept constant. The result vn^uld be a scattering conparisen based 
solely on aeasured radiation values. 

Censlderatlon vaa given to the rallection-scettering of gasira-rays 
by a single crystal. If reflection occurs when a photon enters a 
crystal^ the photon may be scsttorad or It r.ay be reflected. These 
processes occur singly or in multiples or in single or multiple 
ecBbinstions es the photon trsversea the crystal. At best, its direction 
and energy, if it leaves the crystal, la seen aa some complicated 
function of the incident photon energy, the crystal material, the 
incident angle end the scattering angle. The analysis of such a function 
uca beyond the scopa of this invest! gaticn. The means was available, 
however, to investigate tve of the variables experiwentally, via., 
incident angla and acattcring anglt. The beat method of procedure appeared 
to bo one of coi paring the acattered radiation of the two naterisla for a 
particular Ineidant angle over a range of scattering angles. Tias 
persitting, this cethod could be repested for a scries of incident angles 
tnd thereby gain insight into the rcflcctlcn>scsttering dependence on the 
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IV. FATFHIALS AW) AFIAFATD3 

A plan vi«v of th« apparatus usad in this investigation is presented 
in Figure 1. Figures 2, 3» end 4 show the irradiation faoilitjr, target 
aaterialSf target platfor&Sy end general arrengexent of the experiiaental 
equipxient. A detoiled description of each coxponect follows* 

A* Source 

The source used was epproxlxately two curies of Cobalt<-60 which 
was housed in a facility built for this purpose in the Chesslstry 
Engineering West building cn the Iowa State University cc 2 ::ipus. The 
irradiation facility is a design described by Va Deraott (6), 

Essentially it provides a source container in the fora of an upright lead 
cylindar l6-'in. in diotseter and 19«in. long oountad on a concrata 
foundation. Thare ara six equally spaced radiation ports^ l/4«in* in 
dis»ater and 2 l/4-in. above the teble which surrounds the cylinder* The 
aouroe is pinned cn the end of a rack, the other end of which protrudes 
frex sn opening in the top of the cylinder* By a suitable arrangeoent of 
an electric aotor and reduction gears, the source can bo raieed froza its 
"safe** poaltion within the cylinder to a position vhert the radiation 
eiaita frees the six ports siaotltaneously* Up and down travel of the 
source is llni.ted by two rdcro-svltches ; one stops the source in the do\a 
position, ths other etope the travel in the up or radiation position. 
Another nioro-swlteh operates s red light \Aiich is on at all tlaes that 
ths source is not in the "safe* position, UeaB attenuation is provided 




u 









► #* 







« •» 



•Mir 



# a 




i. 



A 






# 



*1 <!■ a 




% 







4 «• 




•I 



{ 



#4PM 









•!«» 



•I-; 






■" f 










*1^1# All ll 



BEAM CENTERLINE 



n 







in 

> 

< 

oc 

Q 

Ld 

OH 



H 

< 

U 

in 

u. 

o 



z 

Ul 



u 

OH 

in 

< 



2 
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figux-9 2, IxperiKontal arrazigstt^nt of acurec^ colllMtorf <fctector and 
Bcaler, Catector ahlelding and jart of sourca ahieldlof 
raKOvad 
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Experimental arrangement of aqulpRent n»ed to find position of 
single crystal for gsrais-ray reflocticn 
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scattered radiation 
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for all ports by thick lead alaba at the poriaeter of the table. 

This investigation was the first to be undortaken using the 
irradiation facility. Ccnslderable time vaa spent checking its operation 
and getting it to vorking scoothly before the source was inserted. The 
80 ur«> v«a placed in the facility and the dose rate in the vorking area 
checked by the Health rhyaieo Croup frca the /itea laboratory. Within the 
Unite of source travel in the cylinder, the dose rate outside the table 
perlnetor vae less than 0.2 nr per hour. The nexinun dose rate, ell 
configurations, was 3.8 r per houu* directly in front of one of the radiation 
porta. Since only one of the porta vas to be used in this investigation, 
the others were cov- red with lead bricks ns ehovn in Figure 3, This 
arrengeaent reduced the dose rate to lees than 4 nr per hour at one foot 
froB the covered ports. With the source in the irradiation position, the 
dose rate on top of the cylinder vas approxiimtaly 20 mr por hour in tha 
vicinity of the protruding rack. Since there woxild te no necessity 
for exposure in this area, this ccndltlcn was not considered hazardous. 

E, Coll lea tor 



First colligation of the setnree occurred as the bean passed through 
tha l/4-in, diareter hole in the ®-in, radiue lead cylinder. Another 
colllnetcr was obtained in the fora of an 8 1/4 by 4 by 4'*in. lead block 
vdth a 3/32-in, diaaeter hole along the 8 l/4-in, dissension . Tl-:is colli- 
a:ator uaa cast with a 3/32-in. diaotater steel piano wire rod in it. In 
order to *ns\ire that the rod co\ild be sr;oothly withdrawn after casting, it 
was coated vdth a cocaercial preparation called Aqiiadag which worked veiy well 
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for this purpoB*. Th« nsmiTactur* cjT the sold end tl'.e caatiug of the 
eolll7«tor was dcua by th* Io\w State Uulvercity Shop. 

C. Target* 

The ai&gle cryetal of cop):*r uaed in the inveatifatlon vae obtained 
frcB the yetellurgy Croup at the Aa&ee Laboratory. Since copper ia a face 
centered cubic iMiterial, the 111 plane is the aoet densely packed plane. 
This plane vae located by x-ray analyaia utilisir^ beck raflecticn Isus 
photography. After the orientation of the 111 plane vac deterndned, the 
cryatal vaa rensoved from the x~rsy machine and a elug approximately 1/4-in. 
thick uaa carefully cut parallel to 111 cryatal planes. Tha cut vaa cada 
by using a Uiin carborundum grinding viieel lubricated with large 8mo’.n^t8 
cf cold wat«r. Tha slttg vae poliehed using 6C0 grain emory paper aa tha 
final ebrealve with cold >«t«r as the Itibricant. After etching with 
nitric sold, the elug vaa returned to x-rey aratlyaia and checked for 
possible streaees due to cutting end to ae* if the cut had been made 
parallel to the 111 plane. The check revealed no apparent streasea due to 
cutting and that the 111 plane vaa parallel to the cut faee. The single 
crystal of copper in its finished form was a disc about 1-in. in dics»tcr 
end 1/4-la. thick with the 111 cryatal j-lRnea parallel to It* circular 
crose-aacticn. 

fbr coKparisen purpesea in the inveetlgstlon, a piece of ordinary 
polycryatelline copper of the aaae diameter was turned out on * lathe, 
from thia a slug of approxisataly the desired thickness v^s cut. With the 
use of a micrometer end the seme technique* of piolishing and etching, the 
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erjital £iaf«nsicn« vf«r* r«pro<3uctd in ib« polycrjatAllin* MterUl. 
A Blerosocpie •xsadnstloB vh » s«d« of thlc Bp'iioltcBn and tha grain 
diaaetara vrr« fmuK? to ba of tba 07 6 >-t of 20 oloror.s. 

D« Targat ^latfom and I^cuntizig 

Althou^ th« crystal bad baan earafully out and alignad. It vNia 
cacasaary to arrenga aqulpaant for accuretaly aligning It vhan cxpoaad to 
tba gacsaa-ray laaa. for tbla pnrpcaa a U* S. havy aaxtect \«a aicdifiad in 
ordtr that the crj'atal oculd fee acuntad la the poaltloa normally ocevplad 
by tba rafleotion airror of the sextant. Tbit arraagaaent peiaitted the 
ai^ular rotation of the ciyatal to ba read in O.C5*adn. lner«3anta If 
daairad. The cryatal aouatlng was aada of plexlglaaa and the eryatal 
attached with rubber caaant. 

The support lags of tba aoxtant would not panclt fraa rotation of 
the dat actor through the full rango deal rad , so it was nacassary to aaka 
an additional targat holder to whleb the target oould ba tranafarrad for 
aaaauraaact of acatt‘ rad radiation. Thla was nada of two ssall blocks cf 
weed and attached to or.a a-^s of the apparatus on which tbs detector vaa 
aountad as ahoari In igura 4. The aana crystal aountlrgs v«ra ustd with 
both targat platforas. 



. • reteatcr 

The detector used for the axpariaant vaa a Dodal tS^lA aclntlllaticn 
dataatcr ranufseturad by the iuolaar Inatncient and Chaalcal Corporation. 
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Th« •»£«lnf eliiMPt cf th« <l«t«ctor uts • thalliue «otlVAt«<9 oodim iodid* 
er/atal. Tb« d«t«ctor v«> aqui^pad with a rasovabla load thSald vlth a 
1-1&* diaatater ap-amtura. To abarp«n tha flald of radiation aaanr.ad t\io 
laad bricka vara plaoad in fr^t of tha inatruRant leavir^ a 1/S>ln. allt 
aa ahova in flgura 



i, Tateetcr Tlat^ors and Grid 

Tha catcetor platfom aaa soda of laxinatad pljrvocd in atich a awnnar 
that tha oantarllsa of tha datactor would lia along tha axla of tha 
radiation baas. Stop# vara providad on tha platforx in ordtr that tha 
datactor eould la raaovad axxS raturcad te tha platfoxa without changing 
Ita ralativa poaition on tha platfom. 

In order te ><.s8ura tha asgla of rotation af tha dateetor vlth 
rtap'ect to tha oryatal^ the datactor platfon waa neuntad on cna arx of a U, 
S« iaivy thraa^anB carigatiocal plotter with tha dataetor eantarlina alltnad 
with crm of tha plotter ai'sia. Tha thraa~arx plotter ccnaiata cf a plaatie 
grid graduated in dagraaa and two plaatlc arxa \^sa rotation alx^ut tha 
grid eentar can be nasaurad in ona Klcuta increaanta by neana of a vamiar 
cn tha anHa* Tha plotter ia shovn in figure 4* 

A l/Ole uaa torad is tha table along tha bcao axia over vhlc^ tha grid 
eentar uaa notmtad, Tha aajrtant lag corraapcnding to tha retation oantar 
of the eryatal was placed throtifh tha grid and Ictc tha bole r»aultiz:g in 
a firs placasant of tha crystal directly in tha baas and at the eentar of 
rotation of tha detector* 

Tha eoalination of dat*crtor, detector plat;.'or& and tvc lead brieha 
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proT«^ rathtr itnvd*ldly for »ov«««nt of th« cMitoctor. To thi« 

situation, two beards l/l6>ln« thiekar than ths platfona vara bracad vdth 
strap staal arxS alippad snuj^Iy ovsr tha datactor platfcra* Tba tvo brloks 
wara saeurad cn thaoa boards by strips of vood to previda tha I/&-I 12 , slit 
in front of tha datactor* Ey using scssa paraffin ss lubricant batwaan tha 
boards snd ths tsblatop and rcaoriac ths detector each tlsa tha platfors 
VBS Bovad, tha ooebination worked vary oKoethly* 

G, Saalar 

A Eslrd-Atonio acdal 132 ganaral purpose high spaad glow tuba scalar 
was used to provide tba high voltage for tha aeintUlstion datactor and 
to aount tha pulaaa trem it. lining was dona by a lalrd-Atoaie acdel 
960* dual purpoaa preeislon tisar* 

Tha sealer had a published raaolvisg tina of laea than five sdoro* 
saoonda which waa the ocntrolling fseter in dataiBinlng eciccidanca lossaa 
in oounting, To datarsiina vhathar a roaclvlnf tiaa of this nagnituda , 
resulted in a significant loss in eounting rata, use vsa Bade of tha 
aquation given in Friadlandar and Kennedy (4)} 

r»» ae ^ 

1 - rr 

where I* la tha rata with no colncldanoa loaa, R ia tha obeervad counting 
rata and la tba rasolving tlaa* ?or a oount rata of 6CO,000 counts 
par slrnita tha loaa ia apprcxlBatcly one percent* *or tha rates anocunterad 
in taking data In this axparlBant, tha lessee will be nagligibla. 
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dlificulty vat aceeunt rad in obtaining oontlatcnt raadinga oa 
tha aealar. At tijaat tha variation axoaadad tan tiaat tha ttatiatlcal 
daviatlon bated on ti;a para*nt acsfidacaa lavel, Thata vax la ticca 
vara attrilutad to n.uetuatlcna in tba llna vcltaga, rinally^ tha takiag 
of data dtu*lnf daytiata wat abaadonad la favor of tha lata avaninf and 
aarly hcura vban tha liaa load aould ta axpaetad to bo sort unifars* 

i(o diffioulty vas aaoount arad at tbeaa tiaiaa, 

H, Kisaallacaoua FqulFcsact 

Cthar iters of aqulpaiant used vara a aodal SC5A Traoarlab portable 
aurvey aatar aad paraonnal fila badgaa. 

Tka aurvay aatar vaa uaad froa tia.a to tiaa to ahaok tha radiation 
laval is tha *jorklng area end to aati&ata tha aharpnaas and Icoation of 
tha ban of radiation* FaracnnaX fils badgaa vara provided Health 
Fhyalet froa tha Aaaa laboratory and chaekad vaakly* 
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V. r>-o(2.rurt 
A. Operating Voltag* 

Th« •elfitlllatioo d«t«ctor mb plae«<! in a poaltioa to obtaic a 
count i*ata of aFpioxlMtcly 5C,0C0 counta par Blzmta and a eurvt of count 
rata Tcraua operating voltage waa run. An operating voltage of 165C volte 
«aa aelectad frena the midpoint of the flattcat part of the curve. 

6. *xperliBental Geese try 

The aouroe vea placed in the radiation poaition and an attexpt van 
Mde to locate the centcrllBe of the beae vithm;t the oclliKotor. Sinee 
the eountlng rate In the bees vea teo high for the eoeler tc ecee&odete, 
only an approxiaate Iccatlon vaa poaaible. Thia did however coincide with 
wbet appeared correct fros the geosetry of the apparatua. The oolllsator 
wea attached and aligned with the cylinder pert Isy uaing the 3/32-in, 
dleseter ateel red ea an aid. The eolliaator reduced the cci^ting rate to 
tditre it was poaallle tc plot counting rete ee e rucetlon of detector 
pceltlon er4d determine the beiSG centerline, A lice wee Inscribed along 
tha tabletop to mark the location of the beam axla. 

The loeeticn of the irid, eextant end detector vere largely 
determined by the else of the table, the dimenaiona of tba equipment, and 
tha dlatanea betveen the beam atop and the lead cylinder. The eextant wee 
Bcunted at the ^rid e-nter along the beam axle, ncc^ roam wee left 
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b«tw»«a th« ooUiMter «n<!l ^rid o«nt>r \o bloc^ off th« scurM bjr tvo load 
bricks wh«n ssking; sdjvstacnts on the scxtsnt or the detector. Th« 
deteetor hsd to be located In e eenner such that the vernier eould be read 
asd at the taae tiaw leave rooB for rotatloa of the detector feat the bsHa 
stop. 

The ealeulated beM width with the oolliKator in position ves C.3 
degrees. The emterline deteneiRStion showed e oounting peek with e C.3 
degree width st belf luxlam elthcugh there was ccsaiderable counting 
rata at 1.0 degrea free the centerline. 

C. ^fleeticD Data 

Conaiderlng the Bragg equation aa indicating tha conditions for 
reflection of Cobalt>60 £saaui>'ra7S by a alngla cryatal of copper^ 

sin Q ts iLi. 

2d 

\diere for first order reflection; n * 1, A « 9*833^ x 10“3 a® and d, 
the distance between the 111 plenee is equal to 2.0S3 HP, 

sin Q - 0,00236 6 — * Minutes 

This Meant that the crystal had to V>e aligned within rather close 
tolerances to produce reflection of the prlicery redistioa. The eextent 
appeared adequate for tbic taak. 

hcaeur«B«nt of the reflected redletion would require a detector angle 
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of 26 or Of proxiaot ily 16 nlautoo. Icfortunatolx, evon vith tho do^roo cf 
colllMticfi ebtalnedf • dotootor on^'lo of 16 minutes plaood the detector 
too elooo to the booa of rodiatloo acd it uaa iKpoaslblo to diaecm aoy 
effeota free the cryatal. The detector voa Kovod to 1.0 defrao \diero tho 
OMUit rate vae approxlnately 20^C00 oounto per xinute (dotocter an£loa aro 
elookvieo rotation from tho been ccr.terliso about tho grid cantor). 

Although thio onglo voa too largo to obtain raflecticn tram tho baaa 
aaotarlicio, it appearad raaoonabla to axpact rafleotian fron tho outar 
friaga of tha radiation coca, Tha eounting rata of 20,CX/0 counts par 
adauta vao daairabla fron a atatiatioal vlavpoict and changos in ceuxiting 
rata aculd ba ascartainad aora easily. 

Vdtb ths datsetor fined at 1.0 degraa, tha crystal van rotatad and 
ona ninuta eounta v«rt plotted as s fucctlon of crystal rotation. Ths 
rasults showed a gafinlta peak is tbs counting raia« so t«}-aiiruta ocunts 
vara takan oyer ths saoa rar^s in order to raduos the statistiaal 
tfariatlon. Tha data for this run is praaanted In ToIdI# 1 and figure 5* 

Sinea only qualitative results ware desired, cc aorractlon for background 
was Kado and atatiatioal dsviation van cot ccosidered is plotting ths curvt. 

Tha sisglo crystal i«s resarad fren the sextant and tha polycryatallina 
eeppar vaa nciuittd oa tha sextant is the east sanner. Ax^other run vas isada 
ovar tha aaiea ranga of angles with cegativa rasulta. Hit only variatiooa 
noted vara statistleal in natura. 

ittm tha alove it v«s ccneluded that aoaa of tha genss-xsys vera being 
reflected by the aiagla exystal. 
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Figure 5» Bragg reflection 
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r« Se«ttcrinf Data 

5««cu«« of ttM pr«vicu»ly difficulty of rotcticf tb« 

detector platfoix vith the eextest In plece^ the eeztent vee reploced by 
the other target platfon. The voed platfo:-a waa allgsed and aeeured 
where the target would cecupy the poeltlon eorreepnndlag to the reflection 
peek obtained* The targeta reealned ooRented to their respective 
plexlglaaa Kountlngs %^leh could be interehsriged on tha pletfonc by a pin 
arraAgeeent* Vith this equlpeent) it vaa peasibla to teke a be^f round 
oeuat followed ly aucceaaive readings fer the single c: 7 etcl end the 
polycryetal without eovieg the detector, Tnla procedure we a used over tha 
range of deteo^r or scattering angles Inveatigated* 

In aonslderatlon of the tine available, only the two extraaiMi of 
Ineldect angle were selected | i*e*, idtii the reflection planet in the 
petition of observed reflection and perpendicwlar to this ycaltion, 
raapectively. It vaa felt that the reflecticr. dependency on laeldent angle 
we\0.d beat be illuatrated by these two conditions* 

The peTfendlcular case wee treated first by rotating the target 
edeaty degraes fron the observed icflecticn peak* Counting rates were as 
lev that ecuntlng tiscs of thirty Kinutea were neaeaaery to obtala any 
reaaocable atetiatiea* The rmcval, at thla ti»«, of the collisator 
resulted In reediaga which gave good atatietlee for tesHBlnuta oovnting 
ptrioda* The colliaetor wee not uaad thereafter in taking the ecatterieg 
data, because cf geoisetrleal liKitations, the sexlaua ecettering angle 
inveatigated wee one hundred degrees* 
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After the abotre run vaa cos];:l«tcdf the crystal vas returned to the 
observed reflection p^caltlon and readings vers taken over the ea»e range 
of angles with the taice procedure* 

The soetterlcg data are recorded in Tabla 2. 
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VI. i-ra’LTs AKi riscussioN 



The results of this InTestlgetion ere presented In the foxe of e plot 
of counting rste ss q function cf scattering angle In Figure 6. 

Ko parti eulor aiGniflcance la attached to the difference in 
Bagnitude of the scattered radiation for the tuo different poaiticna of 
the saoe saterial. This difference say be attributed^ hovevcr^ to the 
difference in the actuel csiouct of Katerial exposed to the radiation in 
the two poaltlcns. The Ksall dip in the curve for the perpendicular case 
at about ninety degreee xay be attributed to the fact that thara was a 
significant increase in icaterial between the detector and the scattering 
elcBsents as the detector was rotated past the long dlKenaicn of the target. 

The cb 'Active of this study was to detensine a posaibla use of single 
eryetala aa a shielding material. Since the interaction of Cobalt-60 
photons with copper la prissarily by Coup ton effect, it was postulated that 
the effectiveness of a sirigle crystal aa a ahieldii^ laeterlal could be 
aecertalned froa a cossparison of scattering by a single crystal and a 
polycryatalllne slug of the sane diKcnolons. It was also assUKCd that 
scattering (reflection) by a single crystal woiild be a function cf the 
Incidence angle, i.e., the angle between the incident radleticn and the 
reflecting planes. The latter ossuRption led to the investigation of the 
two incidence angles aeparately. 

Faference to /^Iguro 6 will show that there ie a esall difference in 
the acettering exhibited by the two nsterlals. There does appear to ba a 
trand around the ninety degree position in both cases. That this is 
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•Ignlf leant la net known. The gacisetry of the exparluental equifieant 
prevented Keeaurenent paat the one hundred degree pcaltlon. Cf the two 
coaea considered, that correapondlng to the position of previously observed 
reflection consistently gave higher readings for the single crystal while 
the perpendicular case consistently gave lover readings for the single 
crystal. Although the differences are «sall, they give an indication of 
the scattering effectiveness as s function of incidencs angls. It appears 
that inertasing the Incidence angle decreased the oiystsl sffectivensts 
as a scatterer. In fact, the singls crystal was less effective in the 
perpendicular position than ths polycry s tall Ino oopper, Thess photons that 
vara scattared at angles corresponding to the critical angle for reflection 
were partially reflected. The reflection away froa tha beaa centerlina 
vban the crystal was aligned for reflection was aanifaated in the saall 
increase in scattered radiation ovsr the scattering angles investigated. 

It is noted also that those photons scattered in the vicinity of ninety 
degrees were partially reflected when the crystal planas were 
perpendicular to tha beais of radiation. 
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VII. COKCLCSIChS 

Th« rtavtits of this sx|srliMnt indieats that thsrt is a snail change 
in scattering characteristics cf copper in its single crystal font. Its 
scattering effectiveness is a function of the angle of incidence of the 
radiation on the reflecting planes. The scattered radiation within the 
crystal appears to be reflected in a icanner sisilar to that which the 
incident radiation undergoes. 

Frooi a practical viewpoint there setaes to he little to indicate the 
use of single crystal copper at a shielding reterial. I'ven if the 
additional cost and difficulty of fabrication art not ccnsldared, the 
advactagas appear too seall to bo benaficial. 
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/III. ^'ICCHhEhTATIChS 



Th« cccblnaticn ol' 80 att«rlng and raflection vlthls a aingla crystal 
appears worthy of further study. Since the nechanlsei by which it occurs 
is ccfT>pleX| a theoretical analysis is suggested prior to further 
experixentation. I'erheps the aethod of random samfling (yonte Carlo) 
could be used as it has been in solving gamna-ray attenuation pixjblema 
(5f p. 183)* It would aRoiuit to adding tha random sampling of 
reflection probability to probebilitiea of collision^ absorption and 
scattering already present. Tha procedure would be long and tedious and 
would require the use of high speed cenputers. 

In this investigation, no attempt vss ssde to measure the energy 
spectnaa of the reflected or scattered radiation. The i2sa of a recording 
spectremeter would have been helpful in Interpreting the results, end a 
positive identification of tha reflected radiation would have been 
poasible. It is receszsanded that a spectroceter ba vised in conjunction 
with a sealer in any further work of this type. 



m 



T 





#1 






t»Ull0 






If 




•1*1 




tt .1 







* 



» 



• 1« 



'•I 



•• 







♦ 



•Wf 



*iir u 



•i 



• 4ft» 




35 



IX, IJST CF -iFFPlJiCFS 



1. rmgG, y. H. Bod t‘Taggf V. L. X ray* and crystal structure, lonccn, 

C. Ecll and Sens, Ltd. 1924, 

2. Crccker, L, F. F'aflectlve type shielding for gaensa radiation. 

Unpublished M. 5. Thesis. Abbs, IovSi Library, leva Ctate 
University of Science and Technology. 1957. 

3. Cavisson, C. M. and Ivans, ». D. Gasaca-ray absorption coefficients. 

Pevlew of rx>dem Fhyslcs, 24* 79-107. 1952. 

4* FPledlander, G. and Fennedy, J. W. L'uclear and radlochesilstry. 

}f 0 w York, John Wiley and Sons, Inc. 1955* 

5. Goldstein, h. Fundsatental aspects of reactor shielding* Feeding, 

Ksss., Addison- Wesley Tubllshlng Co,, Inc, 1959. 

6. Kc Demiott, H, A. An irradiation facility with a tuo-curle Cobalt-60 

source. Unpublished H. S. Thesis. Acies, leva, Library, lows 
State University of Science and Technology. 1958. 

7. Kergl, I-. A. Cam&a ray reflection. Unpublished H. S. Thesis. Ames, 

Iowa, Library, low Stata Univeraity of Science and Technology, 
1957. 

8. Sasscer, 0. 0. Shielding characteristics of a single crystal for 

ga:ata-rays of selected energies. Unpublished N, S, Thesis. 
Ames, low. Library, low State University of Science and 
Technology, 1959* 

9* Wilson, J. F. Gamss ray reflection with thin zinc cryetala. 

Unpublished M. S, Thesis. Ames, low, Librsiy, low State 
University of Science and Technology, 1958, 



54 






•— ^sU0^ *J 






0f^ 

twm 



.1 J .««4fewfi »i 

.» it 

' !• frlPMVl)^ 



.1^1 .MMFV* •«! 



««a*yc 



l« .H ^ JE 



fffi 1^ aiil •4*«: ««i 



4e3< 



«.i* c^»lJiaif 



• 4*ln# 0 




.i 







«dl XMfH »<»>lt • ^ 
4al»rf| ‘ 

1» i^ir 



i«i*#ftV9 



^mnfi ftpMfl .% it 



.1 At 



.t 



M9t %m 



H0ky% # 



36 



X. ACKKCUX rCMEKTS 

1 would llk« to «xpr«s« my gratitude to Cr. Glenn Hurpby of the 
Tepertnent of Thecretlool end Applied Fechenlca for his edvlce end 
guldenee given during this Investigation. 

I would like to thsnk Kr, Fobert Meyerhof f of the Ases laboratory for 
the advice and Instruction given In the preparation of the single crystal 
of copper used In this Investigation* 

Z ar indebted also to Colonel F.lchard Crockett, USMC, Coss-andlng 
Officer of the Kaval Foaerve Officer Training Corps, and to the officers 
and Esn of his coaHrard for their support end help in providing aewe of the 
equi patent that was used. 

Finally, I would like to express cy sincere eppreciatlon to the 
Oureeu of Vaapone, I'nlted States I-'avy, under whose sponsorship I received 
ay edvenced technical education at the 0. S. Naval Postgraduate School 
end love State Lnlvereity. 



w«fl» 110k 





37 



XI. AfFlHriX 



38 



Tabla 1. Ixpcricental data for reflactlon 





Tatactor angle > 


one dagraa 






Coijnting tiisat 


tan ninutaa 




Saxtant anfla 
(dagraes) 


Counting rate 
(opa) 


Scxtent angla 
(dagraea) 


Counting rata 
(cpa) 


77.0 


16692 


80,6 


17820 


78.0 


16741 


80.8 


18530 


78.6 


16578 


81.0 


19243 


78.8 


16529 


81.2 


19994 


79.0 


16639 


61.3 


2C860 


79.2 


16698 


81,4 


20203 


79.4 


16765 


81.5 


19224 


79.6 


16731 


82.0 


17801 


79.8 


16814 


83.0 


17197 


60.0 


16970 


84.0 


17112 


80.2 


16854 


85.0 


17168 


80.4 


17330 


86.0 


17115 



awfi 


ym 


Mil 




h»m 
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Mi 






Ml 




4M^ 
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tarn 




MAI 


imti 


tui 




smr$ 


i.K# 


ntu 




>»jrt 




UST9 


Kji 


«if«4e 




•aKT 


«Ai^ 


issrt 
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Tabl* 2. rxpcrljBertol data for scatt<?rlng 



No colliwitor 

Counting tiK«j tan minutes 



fatector Dackground 

angla 

(dagraaa) (cpn) 



Toly- Foly- 

cryatal oryatal sat 
(cpci) (cpa) 



Slngla Slngla 

crystal crystal nat 
(cpn) (cpt) 



(1) 


111 crystal plenea in position of observad reflection 


10 


1546.2 


5403.6 


3857 t 26 


5391.8 


3845 1 26 


20 


501,2 


US4.4 


3683 1 21 


4228.2 


3727 t 21 


30 


340.0 


3159.8 


2820 1 19 


3241.0 


2901 i 20 


40 


411.8 


2627.8 


2216 1 17 


2647.2 


2232 t 16 


50 


411.4 


22U.6 


1833 i 15 


2269.2 


1858 i 15 


60 


404.0 


1925.2 


1525 t 15 


1924.8 


1521 i 15 


70 


3S0.2 


1699.8 


1320 1 15 


1730.4 


1350 1 15 


80 


378.4 


1601.2 


1223 i 14 


1644.0 


1266 1 14 




372.6 


1557.0 


1184 ± 14 


1570.8 


1198 1 14 


100 


396.2 


1539.4 


1141 1 13 


1583.4 


1185 i 13 




(2) 111 


crystal planes 


perpendicular 


to (1) 




10 


2200 


5670 


3470 ± 28 


5681 


3481 i 28 


20 


639 


3838 


3191 t 21 


3799 


3160 t 21 


30 


379 


2888 


2509 t 18 


2857 


2487 t 18 


40 


350 


2316 


1966 i 16 


2313 


1963 1 16 


50 


391 


1976 


1587 t 15 


1978 


1587 i 15 






ittmt MM* 
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Tabl* 2. (Continuod) 



ho oollljsator 

Ccu;iti&£ tis:9: t«n slnutcs 



rct«ctor lackground Toly- Poly- Single 
angle cryatal crystal net crystal 
(degrees) (cps) (ejm) (cp») (cpR) 



Single 
crystal net 
(epa) 



60 


393 


1635 


1237 t 14 


1617 


1219 i 14 


70 


387 


1353 


966 t 13 


1364 


977 1 13 


80 


373 


1215 


842 t 13 


1190 


817 1 13 


90 


382 


1116 


734 1 12 


1070 


668 i 12 


100 


4C9 


1190 


781 t 13 


1132 


723 i 13 
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Saa:pl« Cslculationi 



Staodard deyiatlon for scattering data. (Table 2, line 1.) 



^5t 



(total count _ (5^036)^' ~ 23 2 
counting tiffie 10 



■'bg 



- (backprovmd count ^ (15462)^ ^ 



12.5 



co\mtlng tlste 



10 






Critical angle for reflection, (x?. 25) 



sin e = 

2d 

n ® 1 

X * ~ ts 6.625 X ICr^erg-sec x 2,^76 x lO^^cz/oeo 
^ 1.^2 X lO^erg/mev x 1.252 mev x 10 ^ck/A® 



> = 9.8338 X 10’5 AO 
d = 2.083 A° 
sin 0 s 0.00236 



e ~ 8 minutes 
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